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of approximately 100°C results in the formation of bacterial mutagens
(Commoner et_ al. , 1978; Vithayathil et_ al_. , 1978).  In fact, the forma-
tion of mutagens in beef stock has been detected at temperatures as
low as 68°C (Dolara et_ al_., 1979). Frying of fish at 190°C produces
mutagenic activity (Krone and Iwaoka, 1981). Mutagenic activity also
results when hamburgers are broiled, even when the surface temperature
does not exceed 130°C (Weisburger and Spingarn, 1979)- A portion of
the mutagenic activity formed from heated beef extract or from fried
beef was found to be due to a chemical with a molecular weight of 198
(Spingarn et_ al_. , 1980a), which has now been shown to be IQ (Kasai et
al., 1980a)* MelQx, another heterocyclic mutagenic compound that has
not been identified as an amino acid or protein pyrolysate, has also
been found in fried beef (Kasai ejt^ £_!. , 1981). However, the frying
temperature was not specified. Weisburger and Spingarn (1979)
suggested that this mutagen, formed in beef at moderate temperatures,
may result from a browning reaction between sugars and amines rather
than from the pyrolysis of proteins.
Mutagen Formation Involving Carbohydrates
If the formation of IQ during the cooking of beef results from a
browning reaction, it might be expected that the browning of starchy
foods could also result in the formation of mutagens. Spingarn et al.
(1980b) have observed that the frying of potatoes and the toasting of
bread result In the formation of mutagenic activity, but the chemi-
cal(s) responsible for this activity and their source during the
cooking process remain to be determined.
Browning of foods results from the reaction of amines with sugars.
Using a model system for the browning reaction, Spingarn and Garvie
(1979) found that mutagenic activity occurred when any of six different
sugars, including glucose, were refluxed with ammonium hydroxide.  Sev-
eral laboratories have found that heating a mixture of the amino acid
lysine with glucose at temperatures between 100°C and 121°C results
In products that are mutagenic (Powrie e£ aJ., 1981; Shinohara et al. ,
1980; Yoshida and Okamoto, 1980).  The increase in mutagenic activity
with time paralleled the increase In browning (Shinohara et^ al^., 1980).
Mutagenic activity could also be produced by using certain amino acids
other than lysine (Powrie e£ al,. , 1981; Yoshida and Okamoto, 1980) or
by using fructose rather than glucose (Powrie et_al*, 1981).
Chromosome aberrations are alterations in the structures of chromo-
somes that can be observed through a microscope.  Such aberrations are
not likely to be heritable. The significance of their induction in
cells in vitro is not clear, particularly for chemicals unable to in-
duce heritable mutations or in vivo chromosome aberrations.
Pyrazine and four of its alkyl derivatives—compounds formed by
heating mixtures of sugars and amino acids (Koehler et_ al^ , 1969)—
were found to be nonmutagenic to S_. typhimurium but capable of induc-
ing chromosome aberrations in cultured-Chinese hamster ovary (CHO)

